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(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a wiring substrate involving wiring of low 
resistance and compactness, and a through hole with a high fill factor by suppressing 
expansion or shrinkage of conductive paste, and completely-removing organic matter in a 
substrate at the time of manufacturing a ceramics wiring substrate having copper wiring as a 
result of a green sheet and the conductive paste being sintered simultaneously. 
SOLUTION: A ceramics wiring substrate is obtained by printing conductive paste whose 
zirconium oxide of 0.5 to 7 pts.wt. is blended with conductor formation element of 100 pts.wt. 
in some cases, including 10 wt.% or lower amount of one type or two types or more of Ni, Cu, 
Pd, Pt, and Au with copper oxide taken as a main composition, to the surface of a green sheet 
and a through hole, layering it, heating it in the atmosphere for a debinder processing, heating 
it in reducing atmosphere to deoxidizing the copper oxide to metal copper, and firing it in 
nonoxidizing atmosphere. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the conductor which uses oxidization copper as a principal component - the 
conductive paste characterized by consisting of a formation component, an organic vehicle, 
and at least one sort of metallic oxides chosen from the group which consists of a zirconium 
dioxide, an oxidization yttrium, and niobium oxide. 

[Claim 2] said metallic oxide - a conductor - formation component 100 the weight section - 
receiving - Conductive paste according to claim 1 which 0.5 - 7 weight section comes out 
comparatively, and exists. 

[Claim 3] a conductor - the conductive paste according to claim 1 or 2 whose formation 
component contains at least one sort of metals other than copper oxide in 10 or less % of the 
weight of an amount. 

[Claim 4] The conductive paste according to claim 3 chosen from the group which said metal 
becomes from nickel, copper, palladium, platinum, and gold. 

[Claim 5] The conductive paste of a publication is applied to claim 1 thru/or any 1 term of 4 so 
that a desired circuit pattern may be formed on a ceramic green sheet and/or in a through hole. 
After carrying out the laminating of the one layer of this green sheet more than two-layer at 
least, The manufacture approach of the ceramic wiring substrate which consists of heating in 
an oxidizing atmosphere, removing the organic substance under a green sheet and conductive 
paste, heating in a reducing atmosphere subsequently, returning copper oxide to metal copper, 
calcinating in a non-oxidizing atmosphere finally, and obtaining a ceramic wiring substrate. 
[Claim 6] The ceramic wiring substrate which has wiring which consisted of copper containing 
a zirconium dioxide. 

[Claim 7] The ceramic wiring substrate according to claim 6 which contains further at least one 
sort of metals chosen from the group which said wiring becomes from nickel, palladium, 
platinum, and gold. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ceramic wiring substrate obtained using the 
conductive paste used for the wiring formation in a ceramic wiring substrate, and this 
conductive paste, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, in order to fill the demand of a miniaturization, 
high-reliability, etc. in the multilayer-interconnection substrate carrying LSI integrated highly or 
various electronic parts, the ceramics is used more often as a substrate ingredient. 
[0003] The alumina of high intensity is used for many of ceramic substrates. However, since 
burning temperature of an alumina is very as high as 1 550-degree-C order, when calcinating a 
green sheet and a conductive paste to coincidence with a well-known green sheet laminated 
layers method and manufacturing an alumina multilayer-interconnection substrate, it needs to 
use high-melting W, Mo, etc. as a wiring material. Since electric resistance is high and signal- 
transmission loss of wiring becomes large, this kind of refractory metal poses the problem that 
the clock frequency of LSI is big current [ which is going up remarkably ]. Moreover, for an 
alumina, specific inductive capacity is about 9.1. Since it is high, it is also a problem that 
apparent signal delay becomes large in the present condition to which improvement in the 
speed of a component progressed. 

[0004] In order to solve these points, the wiring material which consists of a metal with low 
electric resistance Ag, Ag-Pd, and in respect of [ low-melt point ] Cu, Au, and Pt, and the 
ceramic substrate ingredient which can be calcinated to coincidence and in which low- 
temperature baking is possible were developed. Although there are many classes of the low- 
temperature baking substrates developed until now, the example of representation is glass and 
the aggregate, (filler) It is called the crystallized glass substrate which consists of composite 
material which consists of mixture. 

[0005] The conductive paste of a noble-metals system or a copper system is used for such 
wiring formation of a low-temperature baking substrate as mentioned above. Among these, 
although there is an advantage that the conductive paste of a noble-metals system can be 
calcinated in air, becoming cost quantity is not avoided, under [ when the conductive paste of a 
copper system is low cost ] baking - the conductor to a substrate - there is little diffusion of a 
component, the electric resistance of wiring is low, and there are the features that soldering 
nature is good. 

[0006] Since copper is easy-oxidizable, it sets in a non-oxidizing atmosphere, and the 
conductive paste containing metal copper is the copper melting point. (1083 degrees C) It is 
necessary to calcinate at low temperature. However, on such baking conditions, it is difficult to 
remove the organic component under paste completely by the pyrolysis, and resistance of 
wiring increases. Furthermore, when carrying out coincidence baking of the conductive paste 
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with a green sheet, it is very difficult to remove completely the organic component which exists 
so much in a green sheet in baking in a non-oxidizing atmosphere. Into the calcinated 
substrate, if the organic substance and carbon remain, the baking consistency of a substrate 
will fall and the flexural strength of a substrate will fall remarkably. Since copper will oxidize to 
copper oxide with this heating and cubical expansion happens in that case although heating in 
an oxidizing atmosphere is indispensable in order to remove an organic component 
completely, there is an inclination for a wiring layer to exfoliate from a substrate. 
[0007] Then, copper oxide (CuO) In hydrogen, it uses being easily returned to copper at the 
low temperature below 400 **. After using the conductive paste which uses copper oxide as a 
principal component and printing this to a green sheet, After heating in the reducing 
atmosphere which contains hydrogen after heating in an oxidizing atmosphere first and 
removing an organic component and returning copper oxide to metal copper, the method of 
calcinating at the last in nitrogen-gas-atmosphere mind, and making it sinter a green sheet was 
proposed by JP,61-26293,A. 

[0008] According to this approach, it becomes possible to remove completely the organic 
substance in a conductive paste or a green sheet, and to form copper wiring. However, since a 
volumetric shrinkage happened in case copper oxide is returned to copper, wiring was not able 
to become thin and the high through hole of a crack, detailed wiring when a cave-in tends to 
take place in the through hole section and it becomes the cause of an open circuit, or a filling 
factor was not able to be formed. 

[0009] In order to improve this point, the conductive paste which blended one or more sorts of 
metals of Pt, Pd, and nickel with copper oxide two to 20% of the weight is indicated by JP.61 - 
289691, A. The volumetric shrinkage at the time of reduction of copper oxide can be made 
small, and addition of the above-mentioned metal enables it to form comparatively precise 
wiring. However, with this means, it became clear that the effectiveness of raising the 
restoration nature of a through hole is small. Moreover, when metaled loadings were made 
[ many ], it also became clear that resistance of wiring increased. 
[0010] 

[Problem(s) to be Solved by the Invention] In order to manufacture the ceramic wiring 
substrate which uses copperas a wiring material, especially a multilayer-interconnection 
substrate so that clearly also from the conventional technique mentioned above, it is necessary 
to establish the approach of forming the precise conductor which suppresses expansion and 
contraction of wiring in a manufacture process, and wiring becomes thin, and does not have 
****** and tne njgh t h r0U g n hole of a filling factor. In order to prevent the fall of properties, such 
as reinforcement of a substrate, to coincidence, it is necessary to remove the organic 
substance completely. 

[001 1] Therefore, the purpose of this invention is offering the conductive paste which can form 
low resistance and precise wiring and the high through hole of a filling factor by controlling 
expansion and contraction of a conductive paste in the manufacture process of the ceramic 
wiring substrate by coincidence baking with a green sheet and wiring, and removing the 
organic substance in a substrate completely to coincidence like especially a green sheet 
laminated layers method. 

[0012] Another purpose of this invention can remove an organic component completely using 
the above-mentioned conductive paste, is flat, and is offering the approach the ceramic wiring 
substrate excellent in the transmission characteristic of a signal being manufactured 
[0013] 

[Means for Solving the Problem] As the conventional technique was explained, in order to 
remove an organic component completely in the ceramic substrate which uses copper as a 
wiring material, use of the conductive paste which uses copper oxide as a principal component 
is advantageous. In the conductive paste which uses copper oxide as a principal component, 
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as a result of repeating research so that the volumetric shrinkage at the time of reduction of 
copper oxide may be small and may obtain the conductive high paste of the restoration nature 
of a through hole to coincidence, as for this invention persons, it is effective in oxidization 
copper to be independent or to add a little zirconium dioxide, an oxidization yttrium, or niobium 
oxide together with other metals, and they reached [ that the above-mentioned purpose is 
attained by that cause and ] a header and this invention. 

[0014] A conductive paste, a following ceramic wiring substrate, and its following manufacture 
approach are offered by this invention. 

** the conductor which uses oxidization copper as a principal component - the conductive 
paste characterized by consisting of a formation component, an organic vehicle, and at least 
one sort of metallic oxides chosen from the group which consists of a zirconium dioxide, an 
oxidization yttrium, and niobium oxide. 

[0015] ** said metallic oxide - a conductor - formation component 100 the weight section - 
receiving - Conductive paste given [ above-mentioned ] in ** which 0.5 - 7 weight section 
comes out comparatively, and exists. 

[0016] ** a conductor - a conductive paste the above-mentioned ** in which a formation 
component contains at least one sort of metals other than copper oxide in 1 0 or less % of the 
weight of an amount, or given in **. 

** The conductive paste given [ above-mentioned ] in ** chosen from the group which said 
metal becomes from nickel, copper, palladium, platinum, and gold. 

[0017] ** Apply the conductive paste of a publication to either the above-mentioned ** thru/or ** 
so that a desired circuit pattern may be formed on a ceramic green sheet and/or in a through 
hole. After carrying out the laminating of the one layer of this green sheet more than two-layer 
at least, The manufacture approach of the ceramic wiring substrate which consists of heating 
in an oxidizing atmosphere, removing the organic substance under a green sheet and 
conductive paste, heating in a reducing atmosphere subsequently, returning copper oxide to 
metal copper, calcinating in a non-oxidizing atmosphere finally, and obtaining a ceramic wiring 
substrate. 

[0018] ** The ceramic wiring substrate which has wiring which consisted of copper containing a 
zirconium dioxide. 

** The ceramic wiring substrate given [ above-mentioned ] in ** which contains further at least 
one sort of metals chosen from the group which said wiring becomes from nickel, palladium, 
platinum, and gold. 
[0019] 

[Embodiment of the Invention] the conductor with which the conductive paste concerning this 
invention uses oxidization copper as a principal component - it constitutes from a formation 
component, an organic vehicle, and a zirconium dioxide, an oxidization yttrium and at least one 
sort of metallic oxides chosen from the group which consists of niobium oxide - having - a 
conductor - a formation component contains one sort or two sorts or more of other metals by 
the case other than copper oxide. 

[0020] here - a conductor - a formation component means after baking a conductor, i.e., the 
component which exists as a metal, and copper oxide and other above-mentioned metals are 
equivalent to this, since a zirconium dioxide, an oxidization yttrium, and niobium oxide are not 
returned on the reduction conditions of copper oxide and after baking exists with an oxide - a 
conductor - it is excepted from a formation component, however, the conductor which 
generated the zirconium dioxide by baking - it remains to inside. An organic vehicle is a 
component removed by volatilization thru/or the pyrolysis during baking. 
[0021] Although the following explanation shows the case where a metallic oxide is a zirconium 
dioxide, since the yttrium and niobium which are the transition metals of the both sides of a 
zirconium in the periodic table are similar to the zirconium as a property of ** and transition 
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metals, the effectiveness as a zirconium dioxide that an oxidization yttrium and niobium oxide 
are also almost the same is shown. 

[0022] a conductor - the principal component of a formation component was made into the 
copper oxide instead of metal copper because the expansion at the time of heating in an 
oxidizing atmosphere was avoidable in order to remove an organic component completely. If 
metal copper is used, it oxidizes, when it heats in an oxidizing atmosphere, and since specific 
gravity falls, the volume will expand, and it will be easy to generate a crack and a crack into 
wiring or a substrate ingredient. Copper oxide is a cupric oxide (CuO). Although it is desirable, 
a cuprous oxide (Cu20) is also replaced with a cupric oxide, or can be used together with a 
cupric oxide. When a cuprous oxide is used, the oxidation to a cupric oxide takes place at the 
time of heating in the first oxidizing atmosphere, but since a specific gravity difference is small, 
the volume hardly changes. 

[0023] the conductor with which the conductive paste of this invention uses oxidization copper 
as a principal component - the description is in the point containing a little zirconium dioxide 
besides a formation component and an organic vehicle, volumetric shrinkage at the time of 
returning copper oxide to metal copper by existence of this zirconium dioxide (therefore, the 
crack resulting from it - divide) the ** to which it is controlled and a zirconium dioxide 
moreover is not returned - as it is - a conductor - in spite of remaining to inside, it does not 
have a bad influence on the conductivity of wiring, but conductivity improves on the contrary 
depending on loadings. Consequently, it enables low resistance and precise wiring and the 
filling factor of a wiring material to form in a substrate the through hole where a high 
configuration is good. 

[0024] the loadings of the zirconium dioxide suitable for acquiring this effectiveness - a 
conductor - formation component [The total quantity of copper oxide and other metal s (when 
adding) mentioned later] 100 Per weight section Within the limits of 0.5 - 7 weight section is 
desirable. When these loadings exceed 7 weight sections, the specific resistance of wiring 
formed from the conductive paste may become high, and the transmission loss of a signal may 
become large. These loadings are 0.5. The above-mentioned effectiveness may not fully be 
acquired under in the weight section, these loadings - more - desirable -1-5 weight section 
- it is within the limits of 1 - 3 weight section especially preferably. 

[0025] It is effective in the burning shrinkage of wiring at the time of finally calcinating a wiring 
material together with a green sheet being controlled by oxidization copper, and forming the 
high through hole of especially a filling factor at it, if little combination of at least one sort of 
metals is carried out further in addition to a zirconium dioxide. 

[0026] As a metal suitable for this purpose, it is copper first. (Cu) It is mentioned. Cu is the 
neoplasm configuration metal of the conductor formed from the conductive paste concerning 
this invention. In this invention, in order to avoid the cubical expansion of the conductor at the 
time of heating in the oxidizing atmosphere for removing an organic component, the principal 
component of a conductive paste is made into copper oxide, but if little, even if it will blend 
metal copper together, the bad influence to wiring by the cubical expansion at this time is not 
produced. 

[0027] As another metal,, it does not oxidize at the time of heating in this oxidizing atmosphere, 
the melting point is higher than the copper melting point, or the conductivity which is not not 
much low is a good metal, nickel, Pd, Pt, Au, etc. are mentioned as an example of this metal. 
[0028] loadings of these metals (in the case of two or more sorts, it is the total quantity) a 
conductor - formation component (total quantity of a copper oxide + metal) It is good to 
consider as 10 or less % of the weight. Loadings desirable in the case of metals other than 
copper are 3 or less % of the weight still more preferably 5 or less % of the weight. When there 
are too many loadings of this metal, there is an inclination for the electric resistance of wiring to 
increase. Since copper changes to the copper oxide which is the principal component of a 
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conductive paste at the time of heating in an oxidizing atmosphere, even if it adds 
comparatively so much, there is no bad influence to the electrical characteristics of wiring, but 
since it becomes impossible to disregard the bad influence by the cubical expansion 
accompanying the oxidation to copper oxide when it adds exceeding 10 % of the weight, it 
carries out to 1 0% of the weight at the maximum. 

[0029] the conductive paste concerning this invention - a conductor - the point which 
constitutes a formation component as mentioned above - removing - the conventional thing - 
being the same - especially the remaining components are not restricted, a conductive paste - 
- general - a conductor - it consists of a formation component and an organic vehicle, and it 
mixes so that it may become the shape of a paste thru/or ink with the viscosity suitable for 
screen-stencil, a conductor - a formation component is powdered and is used - having - 
powdered mean particle diameter - usually - About 0.5-10 micrometers is suitable. 
[0030] An organic vehicle is usually the solution which dissolved the organic binder in the 
organic solvent. As a binder, synthetic resin, such as cellulosics, such as ethyl cellulose, or 
acrylic resin, is used. As an organic solvent, things of high viscosity, such as butyl cellulose, 
butyl carbitol acetate, and a terpineol, are used in many cases. 
[0031] If the conductive paste is little, it may contain addition components other than the 
above. A surfactant, glass powder, etc. are mentioned as an example of such an addition 
component. However, since the zirconium dioxide in which after baking exists as oxide is 
added in this invention, the effectiveness acquired even if it adds glass powder is small, and 
addition of glass powder is not so desirable. 

[0032] The manufacture approach of the ceramic wiring substrate using the conductive paste 
of this invention is explained below. First, this conductive p 7 aste is applied to a ceramic green 
sheet. Although the conductive paste of this invention is applicable also to a baking ceramic 
substrate, since it is one of the purposes to remove an organic component, especially a binder 
completely, applying to a green sheet is advantageous. ' r < 
[0033] As a ceramic green sheet, it is the copper melting point. (1083 degrees C) The thing of 
the low-temperature baking mold which can be sintered at low temperature is used. The 
example of representation is a glass component and the aggregate, as mentioned above, 
(filler) Although it is the crystallized glass ingredient which consists of mixture, it is not 
restricted to this. The green sheet for low-temperature baking substrates which does not 
contain the thing which consists only of glass, or glass can also be used. 
[0034] In the case of a crystallized glass ingredient, as glass, various kinds of glass ceramics 
can also be used besides amorphous glass, such as borosilicate glass. As the aggregate, \ 
silica minerals else [, such as an alumina cordierite, and a mullite, ], such as a quartz, can be 
used. 

[0035] a green sheet - as everyone knows - the powder of a substrate ingredient - binder (an 
example, polyvinyl butyral resin, acrylic resin) Plasticizer (an example, dioctyl phthalate) etc. - 
it slurs with the organic solvent containing an organic component, the obtained slurry is 
fabricated in the shape of a sheet with a doctor blade etc., and it can manufacture by drying 
this sheet. 

[0036] A conductive paste is on a green sheet, (on a front face) It applies with conventional 
methods, such as screen-stencil, so that a desired circuit pattern may be formed in the through 
hole established in the green sheet. When using a conductive paste which is different in the ~ 
front face and through hole of a green sheet, the conductive paste of this invention may be 
used for either a front face or a through hole. However, as mentioned above, since the 
conductive paste of this invention is excellent in the restoration nature of a through hole, it is 
desirable [ the paste ] to use the conductive paste of this invention for restoration of a through 
hole. 

[0037] Moreover, a conductive paste may be prepared for two different kinds within the 
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presentation of the conductive paste of this invention, and they may be properly used to the 
object for front faces and the object for through holes of a green sheet. For example, the 
mineral constituent of one conductive paste consists of oxidization copper and a zirconium 
dioxide, and when it contains one or more sorts of further above-mentioned metals, proper use 
of using the conductive paste which does not contain the former metal for the conductive paste 
containing the metal of the latter which is excellent with the restoration nature of a through hole 
in through hole restoration for the front faces of a green sheet is possible for another side. 
[0038] Then, in making it a multilayer substrate, it carries out the laminating of the green sheet 
to a multilayer by thermocompression bonding as everyone knows. Before calcinating this 
monolayer or multilayer green sheet, according to this invention, it heats in an oxidizing quality 
ambient atmosphere first, and it is an organic component in a conductive paste and a green 
sheet (they are mainly a binder and a solvent). Evaporation and a pyrolysis remove, (below, 
this process is called debinder) . Air is usually enough as an oxidizing atmosphere, although 
copper oxidizes to copper oxide with this heating when a conductive paste contains copper - 
this invention - a conductor - the principal component of a formation component is copper 
oxide, since that content is little even if it contains copper, the cubical expansion by copper 
oxidation can be disregarded and there is no bad influence to wiring by it. 
[0039] Whenever [ stoving temperature / of a debinder process ], an organic component can 
be removed completely substantially and sintering of a green sheet does not take place, (when 
it is a crystallized glass ingredient, it is lower than the melting point of glass) It considers as 
temperature, although whenever [ suitable stoving temperature ] changes also with classes of 
green sheet and this contractor should just determine by experiment - usually - 450-800 ** - 
it is - more - desirable - It is 500-700 **. Heating is performed until removal of an organic 
component is completed. This heating may be performed in two or more steps. For example, 
short-time heating can be carried out and the heating profile of removing the organic 
component which remained can also be adopted at 700 after [ below 600 ** ] removing most 
organic components at low temperature comparatively - 800 **. 

[0040] subsequently, a reducing atmosphere - heat-treating - the conductor under conductive 
paste - the copper oxide which is the principal component of a component is returned to metal 
copper, and a copper circuit pattern is formed (below, this process is called reduction 
process) . A reducing atmosphere is a hydrogen content ambient atmosphere from the field of 
safety, although the ambient atmosphere containing a carbon monoxide is [ that what is 
necessary is just the ambient atmosphere in which the reduction to metal copper from copper 
oxide is possible ] also employable, (mixed gas of an example, hydrogen, and inert gas) The 
direction is desirable. As for the hydrogen content of this ambient atmosphere, considering as 
5% or more is desirable. 

[0041 ] temperature for reduction of copper oxide to copper with whenever [ stoving 
temperature / of a reduction process / sufficient ] - it is - ****ing - like common knowledge - 
this temperature 200 - 400 ** - it comes out enough at low temperature comparatively. In 
addition, since it is not returned on such conditions, a zirconium dioxide is still an oxide. 
[0042] After returning copper oxide to copper, it calcinates in order to make a substrate sinter 
finally, (below, this process is called baking process) . This baking process is performed in a 
non-oxidizing atmosphere so that reduced copper wiring may not be oxidized. Although any of 
the inert atmosphere of nitrogen, an argon, etc. and the above reducing atmospheres are 
sufficient as a non-oxidizing atmosphere, since the adhesion of copper wiring and a substrate 
becomes high, its direction calcinated in an inert atmosphere is desirable. Burning temperature 
is temperature required for sintering of a substrate, and is the copper melting point (1083 
degrees C). It considers as low temperature. In the case of a common crystallized glass 
substrate, burning temperature is usual. It is within the limits of 850-1050 degrees C 
[0043] 
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[Example] 

(Example 1) The ceramic green sheet for low-temperature baking was produced from the 
crystallized glass ingredient which consists of anorthite glass-ceramics 55wt% and alumina 
45wt%, and the through hole was formed in the predetermined location by punching. 
[0044] Independently, it is commercial cupric-oxide powder, (mean particle diameter of about 7 
micrometers) It mixed with the powder of the oxide shown in Table 1 , and/or a metal. Table 1 - 
setting - amount of an addition metal (%) wt% (inside leg trip) based on the total quantity with 
cupric-oxide powder it is - addition of a metallic oxide (section) The total quantity 100 of 
cupric-oxide powder and metal powder The weight section per weight section (sotogake) it is . 
About this powder mixture 70wt%, it is an organic vehicle, (it is 25 wt % content about ethyl 
cellulose in a terpineol) It mixed to 30wt% and homogeneity and the conductive paste was 
produced. 

[0045] While screen-stenciling this conductive paste by the predetermined pattern on the front 
face of the above-mentioned green sheet, it was filled up with it by screen-stencil also in the 
through hole of a green sheet. Subsequently, they are 100 ** and 100 kgf/cm2 by the heat 
press in piles two or more sheets so that it may become 2mm thickness about this green 
sheet. It was made to stick by pressure and unify on conditions. 

[0046] The layered product of the obtained green sheet is first heated by 600 in atmospheric 
air ** for 2 hours, and the organic component under a green sheet and conductive paste is 
removed, (debinder) It carried out. Subsequently, after performing reduction processing of 1 
hour by 300 in H2-N2 mixed-gas ambient atmosphere ** and returning copper oxide to metal 
copper, baking for 30 minutes was performed at the last by 900 in N2 ambient atmosphere **, 
and the ceramic substrate was obtained. 

[0047] While measuring the specific resistance of wiring of the obtained ceramic substrate by 4 
terminal measuring methods, observing surface wiring with the optical microscope and 
investigating the existence of an open circuit, the existence of discoloration was judged 
visually, moreover, the conductor of the SEM photograph of a cross-section part including the 
through hole of a substrate to a through hole - through hole restoration nature was evaluated, 
having measured the filling factor and having used good and less than 90% of thing as the 
defect for that whose filling factor was 90% or more. The above test result is also collectively 
shown in Table 1 . 
[0048] 
[Table 1] 
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[0049] it is shown in trial No. 12 - as - a conductor - the specific resistance of wiring formed in 
the conductive paste which does not add a zirconium dioxide by a formation component 
consisting only of oxidization copper - 3.9 With omega-cm, although it was low, since the 
volumetric shrinkage in a reduction process was large, the open circuit of wiring took place, 
and the restoration nature of a through hole also became a defect. 
[0050] On the other hand, the specific resistance of wiring was as low as below 5micro ohm- 
cm, and an open circuit or discoloration of wiring did not take place in addition to oxidization 
copper, according to this invention, in the example using the conductive paste which is 
independent or added the zirconium dioxide together with other metals, and the restoration 
nature of a through hole was also good. That is, combination of a zirconium dioxide shows that 
the open circuit of wiring and the aggravation of through hole restoration nature resulting from 
the above-mentioned volumetric shrinkage can be prevented, without having a substantial bad 
influence on the conductivity of wiring. In the case of the copper oxide single taste, the 
conductivity of wiring is depending on the loadings of a zirconium dioxide, or the class of 
addition metal, (trial No.12) It improves on the contrary, (trial No.1-3, 5, 6, 11) Things also 
attract attention. 

[0051] On the other hand, it is the metallic oxide of this invention out of range to the conductive 
paste which uses copper oxide as a principal component, (aluminum 203, Ti02 or Sn02) 
When it added, or the zirconium dioxide was omitted and only other metals were added, wiring 
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resistance exceeded 5micro ohm-cm, a part of wiring disconnected thru/or discolored, or it 
became inadequate being filled [ of a through hole ] up. When there were too many loadings of 
a zirconium dioxide or other metals, wiring resistance increased. 

[0052] Drawing 1 (A) And (B) It is trial No.6 and trial No. 15, respectively. The SEM photograph 
of the cross section containing the through hole section of a ceramic substrate is shown. 
Drawing 1 formed using the conductive paste of trial No.6 concerning this invention (A) It turns 
out that a configuration does not collapse, and a through hole does not have a clearance 
between substrates, and it excels in the restoration nature of a through hole. 
[0053] Drawing 1 formed on the other hand using the conductive paste of the example of a 
comparison of this invention out of range (B) When the configuration has collapsed, the 
clearance which looks black to between the substrates of the perimeter has opened, and the 
restoration nature of a through hole of a through hole is poor. The insulation during wiring of 
the multilayer ceramic substrate with which such restoration nature was obtained in a defect's 
through hole deteriorates, or endurance deteriorates. 

[0054] About metallic oxides other than a zirconium dioxide, as mentioned above, the 
effectiveness as a zirconium dioxide that the oxide of the yttrium which is the transition metals 
of the both sides of a zirconium in the periodic table, and niobium is also almost the same can 
be acquired. However, for example with a lanthanoids system metal, similar effectiveness may 
be acquired also for transition metals other than this. 

[0055] (Example 2) The ceramic substrate was produced like the example 1 using the 
conductive paste concerning this invention of the presentation shown in trial No.9 of an 
example 1 . However, the heat treatment conditions of a layered product were changed as 
shown in Table 2. 

[0056] While measuring the specific resistance of surface wiring of the obtained ceramic 
substrate like the example 1 , carbon residue was measured by gas analysis. Moreover, visual 
observation of the appearance of a substrate and surface wiring was carried out. The above 
test result is also shown in Table 2 together. 
[0057] 
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[0058] Approach concerning this invention which heats in a reducing atmosphere, returns 
copper oxide to metal copper, and is finally calcinated in a non-oxidizing atmosphere after 
carrying out debinder processing in an oxidizing quality ambient atmosphere (trial No. 1) When 
depending, there was little carbon residue, the resistivity of wiring was fully low, and 
discoloration occurred neither in a substrate nor wiring. 

[0059] On the other hand, in trial No.2 which carried out debinder processing in the inert 
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atmosphere, removal of a binder was inadequate, since there was much carbon residue in a 
substrate, the substrate became gray and wiring discolored. Moreover, resistance was too high 
to measure. 

[0060] Although it was enough, since wiring consists of copper oxide, the appearance 
presented black and it exfoliated in part, and the resistance of wiring of removal of a binder 
was also too high, and it cannot be measured trial No.4 which, on the other hand, carried out 
baking of trial No.3 which did not perform reduction processing, and the last in the oxidizing 
quality ambient atmosphere. 
[0061] 

[Effect of the Invention] If the copper oxide system conductivity paste which added the 
zirconium dioxide concerning this invention is used, the copper system circuit pattern of low 
resistance can be formed in the front face of a ceramic substrate, and a through hole by 
coincidence baking of a green sheet and a conductive paste, without producing the exfoliation 
and the open circuit from a substrate, removing organic components, such as a binder, from a 
substrate completely substantially. Especially, in a through hole, it fills up with a wiring material 
exactly, without the configuration of a through hole collapsing. 

[0062] Consequently, it can manufacture with high dependability, without degrading the 
outstanding electrical characteristics of specific inductive capacity with a low low-temperature 
baking substrate for the flat multilayer ceramic wiring substrate which arranged copper system 
wiring of low resistance which can respond to improvement in the speed of LSI etc. on high 
density. 



[Translation done.] 
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